centile in the pooled analysis of healthy individuals. Bronchial colonization of 10 2 CFU/mL or greater by PPMs was found in 53 patients with stable COPD (29%) and in 46 patients with exacerbated COPD (54%) (PϽ.001, 2 test), with a predominance of Haemophilus influenzae and Pseudomonas aeruginosa. Higher microbial loads were associated with exacerbation and showed a statistically significant dose-response relationship after adjustment for covariates (odds ratio, 3.62; 95% confidence interval, 1.47-8.90), but P aeruginosa persisted as a statistically significant risk factor after adjustment for microbial load (odds ratio, 11.12; 95% confidence interval, 1.17-105.82).
Conclusions:
One quarter of the patients with COPD are colonized by PPMs during their stable periods. Exacerbation is associated with the overgrowth of PPMs and with the appearance of P aeruginosa in the lower airway, which is associated with exacerbation symptoms independent of load.
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T HE CULTURE OF BRONCHIAL secretions from the lower airway has been reported to be positive for potentially pathogenic microorganisms (PPMs) in one quarter of the patients with stable chronic obstructive pulmonary disease (COPD) using quantitative cultures of bronchial secretions obtained by the protected specimen brush (PSB) method, 1-3 a highly reliable technique for obtaining uncontaminated specimens during bronchoscopy. 4, 5 However, the determinants and effects of this bacterial load in the airways of patients with COPD are not well established, especially in terms of the appearance of exacerbations. [6] [7] [8] During the past decade, several studies have used the PSB technique to determine the lower airway microbial load in COPD, focusing on populations with different characteristics and severities. We report a pooled analysis of original data from clinical studies published between January 1, 1993, and December 31, 2002 , that performed quantitative cultures of bronchial secretions obtained with a PSB in nonreversible COPD to characterize the microbial pattern of the lower respiratory tract in this obstructive lung disease and to determine the microbiologic characteristics associated with exacerbation.
METHODS

STUDY POPULATION
We identified studies of cultured PSB samples from healthy individuals with normal lung function and from patients with COPD by searching MEDLINE for articles published between January 1, 1993, and December 31, 2002. We included in the present analysis all stud-ies that used the sampling method described by Wimberley et al 4, 5 provided that the authors had reported spirometric values that expressed their results quantitatively, had specified previous treatments, and had included patients not treated with antibiotics during the month before PSB sampling. Six crosssectional studies 2,3,9-12 from 4 laboratories fulfilled these criteria, and their authors agreed to the use of their crude data for the present analysis. Patients with pneumonia, reversibility test results greater than 10%, cystic fibrosis, bronchiectasis identified in the chest radiograph, age younger than 18 years, neoplasia, long-term corticosteroid therapy, or immunosuppression for any other cause where excluded. Patients with COPD who reported increased dyspnea, sputum production, or purulence when the microbiologic sample was obtained were considered to be exacerbated.
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MICROBIOLOGIC SAMPLING
In all studies included in this pooled analysis, microbiologic sampling was performed according to the method described by Wimberley et al. 4, 5 In brief, a PSB catheter (Mill-Rose Laboratories, Mentor, Ohio) was inserted through a flexible bronchoscope and advanced to a segmental/subsegmental bronchus. After sampling, the brush was cut and placed in 1 mL of a saline solution. The obtained fluid was serially diluted and cultivated in selective media for microorganisms, which were identified according to standard methods.
14 Only cultures that grew PPMs such as Haemophilus influenzae, Streptoccocus pneumoniae, Moraxella catarrhalis, Pseudomonas aeruginosa, enterobacteria, and Staphylococcus aureus were considered positive for the purposes of the analysis, according to previously defined criteria. 1 Results of quantitative cultures were expressed as colony-forming units (CFU) per milliliter, and they were considered to have a high microbial load when there were 10 4 CFU per milliliter or more. 2 In patients with polymicrobial cultures, the load of the microorganism that attained the highest load was recorded for the sample.
LUNG FUNCTION
In all the studies that contributed pooled data, forced spirometry was performed using a dry spirometer and according to standard techniques 15 during a stable period of 2 months or longer after any exacerbation. Results were compared with ageand height-adjusted reference values 16 and are given as percentages. For the present study, COPD was defined and categorized according to the Global Initiative for Chronic Obstructive Lung Disease guidelines.
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STATISTICAL ANALYSIS
A statistical software program (SPSS 10.0; SPSS Inc, Chicago, Ill) was used for statistical analysis. Values are expressed as means with SDs or as absolute and relative frequencies. Exacerbation was the main outcome variable, and age, sex, current smoking (Ն1 cigarettes per day), lung function (forced expiratory volume in 1 second as a percentage of predicted [FEV 1 %]), and microbiologic features of bronchial secretions were the independent variables.
First, the 95th percentile of the microbial load in bronchial secretions was determined from the pooled sample of healthy individuals with normal lung function and was considered the cutoff value for the upper limit of normal. Second, to identify statistically significant interlaboratory differences in the measurement of the bacterial load, clinical characteristics and microbiologic results for the patients studied in the participating laboratories were compared. Logistic regression models to predict the presence of positive cultures were created for the microbiologic results that showed differences in the univariate comparisons, with inclusion of the participating laboratories as dummy variables and age, sex, current smoking, and FEV 1 % as clinical covariates.
To determine the effect of lower airway microbiologic characteristics on exacerbation, univariate and multivariate analyses of the pooled data from patients with COPD, stable and exacerbated, were performed using logistic regression modeling, with age, sex, smoking, and lung function as independent variables to define a clinical model with the variables that show a statistically significant association with the outcome. A second model was created with bacterial load (sterile/low: Յ10 1 CFU/mL, medium: 10 2 -10 3 CFU/mL, and high: Ն10 4 CFU/ mL) as an independent variable, using sterile/low load as the reference, with adjustment for the covariates in the clinical model, to determine the microbial load cutoff value above which there was a statistically significant association with exacerbation and to assess dose-response relationships. Finally, the associations between the different recovered microorganisms and the outcome were assessed, with adjustment for the covariates that showed statistically significant associations with exacerbation in the previous models, to determine the effect of the different recovered PPMs on exacerbation, independent of the clinical characteristics and the microbial load. Multivariate models were adjusted for all covariates that showed an association with the outcome variable (P<.25) in the univariate model, and the most parsimonious model that still explained the data was accepted as final. 18 Results were considered statistically significant at PՅ.05 (2-sided).
RESULTS
STUDY POPULATION
A total of 337 individuals fulfilled the inclusion criteria (70 healthy individuals with normal lung function, 181 patients with stable COPD, and 86 patients with exacerbated COPD). Healthy individuals with normal lung function, patients with stable COPD, and 36 patients with exacerbated COPD (42%) were sampled as outpatients. Fifty patients with exacerbated COPD (58%) were inpatients at the time of microbiologic sampling, and in all these cases samples were obtained within 24 hours of hospital admission and any inpatient treatment. In patients who were not intubated, bronchial secretions were recovered after aerosolization of lidocaine hydrochloride or tetracaine hydrochloride; in patients with exacerbated COPD who required mechanical ventilation (n=45), samples were obtained by inserting the bronchoscope through the orotracheal tube within 24 hours of intubation. Antibiotic drugs had not been used by outpatients before sampling and had not been administered to inpatients before hospital admission. The baseline characteristics of the patients are given in Table 1 .
MICROBIOLOGIC RESULTS
The pooled sample of 70 healthy participants with normal lung function consisted of middle-aged individuals (Table 1) . Age, sex, and smoking differences were found between laboratories, but the interlaboratory differences in microbial load were not statistically significant, allowing for performance of the pooled analysis. The cul-
WWW.ARCHINTERNMED.COM 892 ture of lower airway secretions in healthy participants was sterile for PPMs in 66 cases (94%), and 1 case each had PPM loads of 10 1 , 10 2 , 10 3 , and 10 4 CFU/mL. Accordingly, a cutoff value of 10 2 CFU/mL or greater was defined to identify an abnormally high PPM-positive culture, considering the 95th percentile of microbial load in healthy individuals with normal lung function to be the upper limit of normal.
In the assessment of the interlaboratory variability of the clinical and microbiologic characteristics, statistically significant differences were found between most clinical variables, but only minimal differences were found in the prevalence of positive results at a load of 10 2 CFU/mL or greater, the difference being statistically significant only in patients with stable COPD (P=.03; 2 test) ( Table 1) . However, when a logistic regression model was created with positive cultures of 10 2 CFU/mL or greater as the outcome and laboratories as independent variables, with adjustment for the clinical covariates, the association of laboratory with positive cultures at 10 2 CFU/mL or greater was not statistically significant, and only FEV 1 % was significantly associated with the finding of a positive culture at 10 2 CFU/mL or greater (odds ratio [OR], 0.97; 95% confidence interval [CI], 0.95-0.99) ( Table 2) . Accordingly, it was considered that the interlaboratory differences in positive cultures at 10 2 CFU/mL or greater in patients with stable COPD were attributable to differences in lung function, and we proceeded to a pooled analysis of microbiologic data from patients with COPD. Bronchial colonization of 10 2 CFU/mL or greater by PPMs was observed in more than one quarter of the patients with stable COPD, with high microbial loads found in slightly less than 10% of the cases, proportions that were well above those found in healthy individuals (P Ͻ .001; 2 test) ( Table 3 ). This high prevalence of bronchial colonization in stable COPD was mainly attributable to H influenzae and Streptoccoccus pneumoniae (P =.008 and P =.004, respectively; 2 test), microorganisms that reached prevalences well above 5% (Table 3) . Bronchial colonization was found in none of the 10 patients with mild disease, 26 (24%) of 109 patients categorized as having moderate disease, 24 (45%) of 53 with severe disease, and 3 (33%) of 9 with very severe disease. Statistically significant differences were found between these groups (P=.006; 2 test), and a linear trend confirmed an increase in prevalence associated with impaired lung function (P = .003; 2 test). The prevalence of positive cultures of 10 2 CFU/mL or greater in patients with exacerbated COPD was greater than 50%, and their cultures reached high loads in more than 20% of the cases, showing clear differences with the microbiologic results found in patients with stable COPD (PϽ.001; 2 test) ( Table 3) . Haemophilus influenzae and P aeruginosa were the microorganisms with the highest prevalences in patients with exacerbated COPD (30% and 9%, respectively), and significant differences were found for the prevalences of these PPMs between patients with stable and exacerbated COPD (P = .01 and P = .002, respectively) (Table 3) . Table 4 summarizes the results of the analysis that considered exacerbation as the outcome variable and included all patients with COPD (stable and exacerbated). In the univariate clinical models with age, sex, smoking, and FEV 1 % as independent variables, only FEV 1 % was significantly associated with outcome in the multivariate model (OR, 0.92; 95% CI, 0.90-0.94). The following models, therefore, were adjusted for this clinical variable. For assessment of the association between the results of bronchial secretion microbiologic features and exacerbation, a univariate model was first created, with microbial load as the independent variable, using the patients with sterile/low loads as the reference, and this model showed statistically significant associations between medium (OR, 2.21; 95% CI, 1.21-4.06) and high (OR, 4.34; 95% CI, 2.00-9.44) microbial loads and exacerbation, with a dose-response relationship. After adjustment for FEV 1 %, the association was statistically significant only for the positive cultures with a high PPM load (OR, 3.62; 95% CI, 1.47-8.90), however, suggesting a major role for PPM overgrowth in the appearance of COPD exacerbation. Univariate models with the different recovered PPMs as independent variables were also created, showing that positive cultures of 10 2 CFU/mL or greater for H influenzae (OR, 2.10; 95% CI, 1.15-3.82) and P aeruginosa (OR, 9.18; 95% CI, 1.91-44.21) were significantly associated with exacerbation. After adjustment for FEV 1 % and microbial load, however, only the recovery of P aeruginosa from bronchial secretions emerged as significantly associated with exacerbation (OR, 11.12; 95% CI, 1.17-105.82), suggesting that the effect of H influenzae on exacerbation depends on the attainment of a high load, but P aeruginosa may determine the appearance of exacerbation independent of load.
EFFECT OF MICROBIAL LOAD AND TYPE ON EXACERBATION SYMPTOMS
COMMENT
In this analysis of crude data from studies that used the PSB technique to examine the microbiologic characteristics of lower airway secretions in healthy individuals with normal lung function and in patients with COPD, we found that the interlaboratory variability in the prevalence of colonization by PPMs was not statistically significant, allowing us to perform a pooled analysis with a cutoff value of 10 2 CFU/mL or greater to identify an abnormal positive culture result. More than a quarter of the patients with stable COPD had a lower airway colonized by a PPM with a load of 10 2 CFU/mL or greater, and the prevalence of colonization in patients with more severe COPD was higher, but a high microbial load (Ն10 4 CFU/mL) was reached in less than one tenth of the cases. The prevalence of positive cultures of 10 2 CFU/mL or greater was much higher in patients with exacerbated COPD, almost a quarter of whom had a high PPM load, and H influenzae and P aeruginosa were the PPMs more frequently recovered. Multivariate analyses confirmed that in addition to lung function impairment, a high PPM load in lower airway secretions was a major determinant of exacerbation in COPD, but the recovery of P aeruginosa was associated with exacerbation independent of the attained load.
The present study included only microbiologic data obtained using the PSB, a technique that has proved to provide highly accurate microbiologic diagnoses 5, [19] [20] [21] and a quantitative repeatability close to 75% in patients with stable COPD when a 10 2 -CFU/mL or greater threshold has been used. 12, 22 The analysis of healthy individuals with normal lung function allowed us to define a threshold of 10 2 CFU/mL or greater for identification of an abnormal recovery of PPMs from the lower airway. This cutoff point has been previously suggested for the identification of patients with colonized COPD, 1 and our results confirm that microbial loads that reach this value must be considered abnormal.
In this study, PPM colonization of 10 2 CFU/mL or greater was common in patients with stable COPD (Ͼ29%), but it reached a high PPM load in only a few cases (8%). Bronchial colonization was not found in patients with mild disease, but one quarter of the patients with COPD with moderate disease were colonized, and almost half of those with severe disease had positive cultures, with statistically significant differences between these types of patients. In addition, multivariate analysis demonstrated that the high prevalence of bronchial colonization in patients with stable COPD was attributable to H influenzae and Streptococcus pneumoniae, microorganisms that reach prevalences close to or greater than 10%, much higher than the prevalences found in healthy individuals.
Our analysis found that bronchial secretion PPM recovery was 10 2 CFU/mL or greater in more than half of the patients with exacerbated COPD, a prevalence that is well above that of positive cultures in patients with stable COPD. Exacerbation was associated with the recovery of a high PPM load in nearly a quarter of the patients, with H influenzae and P aeruginosa being the main microorganisms cultured during the exacerbation periods. This microbial profile is also found in stable bronchiectasis, confirming the microbiologic similarities between exacerbated COPD and that disease. 23 In the analysis performed to determine the risk factors for exacerbation in COPD, we see that in addition to lung function impair- ment, the recovery of PPMs from bronchial secretions was associated with exacerbation, and this association showed a dose-response relationship that was statistically significant after adjustment for covariates for the cultures with a high PPM load. This observation is consistent with studies that suggest that the role of lower respiratory tract PPMs in the pathogenesis of COPD exacerbations may be partly mediated by the overgrowth of persistent 24, 25 or newly colonizing 26 microorganisms. Accordingly, the association between the recovery of H influenzae and exacerbation in the univariate analysis when the different recovered PPMs were assessed as agents related to exacerbation was not statistically significant when adjusted for lung function impairment and microbial load. However, the relationship found between the recovery of P aeruginosa and exacerbation in the univariate analysis continued to be statistically significant after adjustment for the covariates, an observation that suggests that the growth of P aeruginosa in the lower airway of patients with COPD is associated with exacerbation independent of load, in agreement with previous findings, 26, 27 pointing to specific characteristics of P aeruginosa infection in COPD. Microbial colonization in stable COPD seems to be mainly a marker of disease severity because local host defenses keep PPM growth below high loads most of the time. When defense mechanisms are overcome and high PPM loads are attained or P aeruginosa colonizes the bronchial tree, an inflammatory response may develop [28] [29] [30] and manifest as an exacerbation.
Half of the patients with exacerbated COPD included in the present analysis had exacerbations severe enough to require mechanical ventilation. Most of these patients had severe COPD, which was related to the recovery of P aeruginosa, as we found and as has been previously reported. 27, [31] [32] [33] [34] However, more than 40% of the patients with exacerbated COPD included in our study were sampled as outpatients, guaranteeing that enough patients with exacerbated COPD with less severe disease were included to minimize bias from inclusion of advanced COPD cases in the pooled analysis. In the subsample of patients with severe COPD who required mechanical ventilation, the performance of PSB sampling on the first day after hospital admission minimized the effect of the treatments prescribed at admission on the microbiologic results, 35 and we have not pooled data from patients who had undergone long-term treatment with oral corticosteroids. An effect of inhaled corticosteroids on bronchial secretion cultures cannot be ruled out from the obtained data, however, because detailed information about this treatment was not available from the studies included in our analysis. Similarly, we have not looked at other mechanisms that may have an effect on the appearance of exacerbations besides lung function and microbial load and type, such as the presence of intracellular microorganisms in the bronchial mucosa, which have recently shown a relationship with the appearance of acute symptoms in patients with COPD, 36, 37 or abnormalities in the specific immunity against the recovered microorganisms, which also seem to increase the risk of recurrent bronchial infections. 38, 39 In summary, this pooled analysis of data from studies that used the PSB technique for microbiologic assessment of the lower airway in COPD demonstrated that a PPM load of 10 2 CFU/mL or greater must be considered abnormal and allowed us to estimate that a quarter of the patients with stable COPD are colonized by PPMs, with colonization increasing in prevalence as lung function becomes more impaired. In addition, we confirmed that COPD exacerbations are associated with the recovery of PPMs from the lower airway and depend on the attainment of a high PPM load for most microorganisms, but P aeruginosa is associated with the appearance of exacerbations independent of load.
